Evolution of tactical combat casualty carE
Mortality due to injury has been classically described with a trimodal distribution, with immediate deaths at the scene, early deaths due to hemorrhage, and late deaths from organ failure. [4] The Tactical Combat Casualty Care (TCCC or TC3) is a set of evidence-based, best-practice, prehospital trauma care guideline customized for use in all the three distribution phases. It is an integration of tactics and medical practice with different sets of skills and equipment. [5] It includes aggressive use of tourniquets and hemostatic dressings to control external hemorrhage, enhanced fluid resuscitation for hemorrhagic shock, emphasis on airway positioning to manage traumatized airway, effective battlefield analgesia, and use of intraosseous vascular access and battlefield antibiotics. [6] The goal of TCCC is to identify and treat patients with injury in austere environments that impose significant challenges in terms of medical workforce, equipment and evacuation capability, and keep them alive long enough to reach a hospital or a definitive treatment zone. [7] TCCC is divided into three phases of care, namely Care Under Fire (CUF), Tactical Field Care (TFC), and Tactical Evacuation Care (TACEVAC). [8] Casualty and medical actions that focus on gaining and maintaining the tactical advantage with only tourniquets are currently recommended as standard medical care in the CUF phase. The TFC phase consists of management of the airway by surgical techniques, needle thoracostomy for tension pneumothorax or cricothyroidotomy, and more such aggressive procedures for controlling bleeding and fluid resuscitation. TACEVAC care encompasses the same assessment and management included in TFC with additional focus on advanced procedures that can be initiated when en route to a medical treatment facility. TACEVAC can also include the evacuation of casualties on available nonmedical assets and not only in a helicopter. [9] Although the concept was first adopted in the special forces in the 1990s, the transition to full-fledged implementation of TCCC for managing trauma in the tactical environment in the face of ongoing hostilities was only after the reports of success from different military units [10] in the first half of the 21 st century. Holcomb et al. [11] found that 25% fatalities with potential preventable injuries could have been saved by the application of tourniquet during the special operations deaths in Iraq and Afghanistan in 2004. Kelly et al. found that 77 of 232 potentially preventable deaths from the first 5 years of the conflicts in Afghanistan and Iraq resulted from failure to use a tourniquet. [12] Another data obtained from 7 years of combat in Iraq and 8.5 years in Afghanistan, it was found that 10.7% were killed in action and 1.7% died of wounds in the regiment which implemented TCCC, and the rates were much lower than the Department of Defense, USA rates of 16.4% and 5.8%, respectively, during the same period. [13] 
implEmEntation of tactical combat casualty carE in thE navy
The battlefield in the Navy is very different from that in the Army; hence, the nature of injury and its management also vary. The ship is an enclosed space with limited healthcare personnel and equipment and remains incommunicado from the rest of the world while at sea. Although basic life-saving procedures are available in the warships, they have not been validated because of lack of a full-fledged naval war in the recent past. Evacuation to a tertiary care facility in the land is difficult and at times next to impossible. Care of the injured with limited facility in an austere environment thus remains the primary objective of medical care in the navy. The casualty care thus needs proper planning, elaboration, and execution. [14] There is a paucity of recent literature about the pattern of injuries in Naval warfare. Royal Navy data from Operation
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Iraqi Freedom revealed that of 221 casualties, there were 54 (24%) fatalities. Majority of deaths, i.e., 48/54 occurred immediately, leaving no scope for medical intervention. Of the survivors, 72% returned to duty. [15] This implies that most immediate deaths were unsalvageable while the injuries in survivors were less severe. More data might be needed to determine the applicability of TCCC in naval warfare, which has a bimodal rather than the trimodal spectrum of injuries seen in land warfare.
typEs of injuriEs During a sEa battlE
Use of high-speed and precision-guided underwater explosive weapons or missiles can cause complex and multiple forms of injuries. Blast damage is the leading cause of death, especially in navy combat. Bomb blasts can cause multiple traumas such as head injury, fracture of the extremities, spinal injuries, and chest and abdominal injuries. Injuries might also be caused by hitting the bulkhead inside the cabins. Some weapons might cause a combination of injuries such as blast injury, burn injury, seawater immersion injury, and decompression injury. For tactical purposes, nonexplosive weapons such as infrasound weapons, laser weapons, electromagnetic weapons, and microwave weapons can also be used on the modern battlefield.
In the surface ships, the accommodation for the crew is in the bunks, and the passages are narrow and small. With a dense distribution of the sailors, an attack will result in a substantial number of casualties in a short period. In certain situations, when the sailors jump in seawater, an unpredictable distribution of casualty might occur because of the waves. In such situations, it might become difficult to search and salvage the casualty, thereby delaying treatment further. [16] The battlefield is the ocean, far from land or shoreline. The characteristics of the seawater vary and include cold temperature, hypertonicity, pathogenic bacteria, and other harmful sea animals, which can cause additional damage to the casualty. The healing time of firearm wounds after immersion in the seawater can be delayed than compared to the same injury in the land.
Diagnostic challEngEs anD casualty Evacuation at sEa
Medical officers in the ship need to diagnose the casualty in the ship with simple medical equipment or only by clinical symptoms. Transport of the casualty to a hospital ship or a better-equipped ship is also challenged and depends on suspended transporters or limited helicopter availability in the face of enemy action. Thus, damage control by injury management is the best method to avoid further deterioration. An efficient, highly trained team of doctors and paramedics who can complete damage control intervention taking the TCCC principles independently have been proven to be highly effective. [16] 
Way ahEaD
Implementation of TCCC is considered to be the best option in saving lives due to injury in the face of hostilities. It has been observed that units that have trained all of their members in TCCC have the lowest incidence of preventable deaths in warfare. [9] All officers and sailors, including medical personnel who are to be deployed in combat operations, must be trained and retrained in the latest TCCC guidelines. They would require to be trained in basic trauma life-saving interventions such as needle decompression for tension pneumothorax, use of tourniquets for control of bleeding, and cricothyroidotomy. [17] They should be able to provide the best possible care for the casualty, in a way that minimizes additional casualties and maximizes the probability of mission success for their ship. [9] Epidemiological analysis of injury patterns and mechanisms, however, will be required to identify the expertise the naval doctors and the medics need in a combat setting at sea and accordingly help to adjust equipment and training requirements. A forward surgical team trained in TCCC should be deployed during combat operations at designated ships with the required medical equipment. The surgeons must have excellent skills in the fields of thoracic, visceral, and vascular surgery as well as practical skills in neurosurgery and oral and maxillofacial surgery. Other than training, the designated ship should be prefitted with basic surgical equipment as required for immediate wound management. [10] Protective measures against a blast shock may be prefitted at the design stage in the warships. It is necessary to install antishock chairs and seat belts in ergonomic but functional positions in the cabins of the battleships. Cabins should have anti-collision materials installed on bulkheads and equipment surfaces to avoid secondary collision injuries. Combatants should be equipped with impact resistance helmets and cushioning shoes. The use of telemedicine [18] by deployed health-care providers to improve patient care has been increasing in recent conflicts and humanitarian missions. It has been shown that there is decreased time to evacuation for patients with telemedicine or live video feed available. Due to the lack of intensive combat experience, the pattern of injuries expected in naval warfare can only be surmised based on the experience of other countries.
The US Navy has a combat trauma registry, [5] and the same can be implemented.
conclusion
TCCC has changed battlefield trauma care from basic care for the injured to that developed for injuries in the combat zone. It has helped combat units to achieve unprecedented casualty survival rates with aggressive use of tourniquets when these units trained all of their combatants in these techniques. The Naval battle scenario is different. Blast injuries are common which results in immediate death without giving a chance for survival. The distribution of injuries is mostly bimodal rather than trimodal. However, training on TCCC guidelines is required to be implemented for all personnel before being deployed on board, and the medics should be properly trained in use of tourniquets, chest tubes, and undertaking cricothyroidotomy. Future work should include epidemiological research on the analysis of injuries onboard. The future development portable equipment used in medical rescue at sea must be powerful enough to save more people.
Equipping all officers and sailors, including the medics with prehospital life-saving skills and successful evacuation of the casualty to a higher medical facility, will be huge force multiplier in any deployment setting in the navy while at sea.
